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Data	reveal	a	significant	high	percentage	of	participants	matching	the	
‘Designer	Model	of	the	Function	Representation’	with	an	always	lower	
percentage	of	scattered	answers	recorded	for	each	SMs	family.	
Interestingly,	the	percentage	of	matches	follows	a	common	trend	of	
interpretation,	meaning	that	the	Smart	Radio	was	similarly	interpreted	by	
participants	with	no	apparent	influence	of	the	prior	exposure	they	had	with	
radio-related	technologies.	Although	no	significant	differences	in	percentage	
are	observed	within	SMs	families,	each	age	bracket	showed	certain	
‘preferences’	while	interacting	with	the	Smart	Radio.	Under-60	years	old	
people	recorded	an	higher	percentage	of	matches	that	the	Over-60	years	
old	group	for	the	Light	Emitting	Materials	and	Changing	Shape	Materials;	
Over-60	years	old	participants	showed	a	clear	understanding	of	Changing	
Colour	Materials,	compared	to	the	Under-60	years	old	participants.		
Differences	among	the	two	groups	observed	were	further	analysed	upon	the	
qualitative	feedback	recorded	and	presented	in	the	next	two	paragraphs.	
Under-60	years	old	group	
Light	Emitting	Materials:	Higher	percentage	of	matches	recorded	(83%).	
Under-60	year-old	participants	reported	how	easier	was	to	discern	the	
extreme	messages	among	the	four	proposed	(blinking	lights	as	
representation	of	‘highly	stimulated’	status	and	pulsing	light	as	
representation	of	‘highly	relaxed’)	compared	to	the	ones	in	the	middle	
(Samantha,	24	years	old,	Female).	Chul	(32	years	old,	Male)	stressed	how	
working	with	lights	reduces	the	amount	of	mental	errors	because	the	user	
does	not	have	to	spend	time	and	think.	
Changing	Shape	Materials	were	ambiguously	perceived	by	the	Under-60	
years	old	participants,	meaning	that	the	application	of	these	materials	in	
terms	of	their	kinetic	properties	have	to	be	improved.	William,	(21	years	old,	
Male)	said	that	the	movable	flaps	of	the	analogical	messages	are	efficient	
enough	to	convey	the	message	and	that	the	symbols	appear	reinforced	by	
the	flaps	movement;	Gabriele	(29	years	old,	Male)	considered	the	
opening/closing	windows	really	intuitive.	William	highlighted	how	the	
Changing	Shape	Materials	give	just	a	little	margin	for	error	and	they	help	to	
show	exactly	the	availability	of	the	user.	Nonetheless,	Mario	(27	years	old,	
Male)	said	that	the	four	metaphorical	messages	are	really	chaotic	because	
users	are	not	familiar	with	this	kind	of	interfaces,	therefore	the	addition	of	
the	‘time’	parameter	will	help	to	connect	the	changing	shape	to	the	activity	
of	the	user,	creating	a	more	descriptive	message.	The	key	aspect	is	then	to	
let	the	materials	be	dynamic	(Mario,	27	years	old,	Male	and	Bobby,	30	years	
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old,	Male)	and	to	visually	mimic	the	human	physical	behaviour	(Mary,	28	
years	old,	Female).	
Rheological	Changing	Materials	was	the	SMs	with	the	lowest	percentage	
recorded	(60%).	Georgia	(52	years	old,	Female)	reported	how	the	users	must	
have	an	education	about	the	new	means.	However,	she	acknowledged	the	
relevance	of	the	unexpected	tactile	experience.	Both	Gabriele	(29	years	old,	
Male)	and	Nastaran	(30	years	old,	Female)	reported	how	the	haptic	shapes	
have	a	code	of	interpretation	not	fully	understood	and	users	have	to	work	
with	extreme	signals	and	then	try	to	understand	the	intermediate	messages.	
An	interesting	potential	is	highlighted	by	Margaret	(42	years	old,	Female)	
claiming	how	the	haptic	surfaces	could	accurately	mimic	the	sense	of	
‘action’	and	movement	of	the	human	body.	
Changing	Colour	Materials	were	easily	understood	when	embodying	
colour	coding	in	the	analogical	section	(green	=	go,	red	=	not	go)	but	as	
claimed	by	Samantha	(24	years	old,	female),	colours	have	different	
meanings	in	different	cultures	therefore,	it	could	be	counter-productive	to	
work	on	them.	She	noticed	how	symbols	appear	similar	and	that	four	
different	symbols	could	work	better.		Johnny	(25	years-old,	male)	suggested	
how	colours	can	be	improved	by	dynamically	activating	them	and	“letting	
them	move	to	actually	see	them	changing”.	He	purposed	to	see	the	colours	
dynamically	fading	rather	than	have	them	all	appearing	simultaneously.	
Over-60	years	old	group	
Light	Emitting	Materials	for	the	Over-60	years	old	people	were	scored	
with	the	highest	percentage	recorded	for	this	age	bracket	(77%).	Participant	
found	this	means	really	intuitive	and	effective,	although	further	comments	
were	recorded	to	improve	the	interface	for	future	applications.		Ivan	(67	
years	old,	Male)	said:	“A	combination	of	light	and	touch	is	good	and	maybe	
adding	a	vibrating	signal	to	enhance	the	message	would	be	beneficial”.		
Changing	Shape	Materials	recorded	a	lower	percentage	compared	to	the	
Light	Emitting	Materials	(63%).	Although	a	relatively	high	percentage	of	
scattered	answers	(37%)	is	recorded,	participants	appreciated	how	the	
changing	interface	could	maximize	the	way	information	are	displayed.	Stella	
(71	years	old,	Female)	appreciated	how	the	moving	flaps	give	a	visual	
contribution	to	the	device	and	Sasha	(71	years	old,	Female)	considers	them	
“really	amusing”.	Justin	(79	years	old,	Male)	preferred	the	lighting	symbols	
to	the	movable	flaps,	considered	not	effective.	Allison	(69	years	old,	Female)	
considered	the	metaphorical	messages	really	effective,	especially	for	their	
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potentiality	to	visually	represent	human-like	or	nature-inspired	behaviours:	
“like	a	cat	sleeping	or	a	dog	wagging	the	tail	and	jumping.	Simple	and	
understandable”.		
Rheological	Changing	Materials	were	recorded	with	the	highest	number	
of	scattered	answers	(40%).	Participants	were	intrigued	by	the	novelty	
provided	by	the	haptic	interfaces	but	they	could	barely	identify	a	code	of	
interpretation.	Sasha	(71	years	old,	Female)	liked	the	movable	spots:	“they	
are	interesting	because	they	could	actually	convey	the	stimulation	of	who	
I’m	listening	in”.	Justin	(79	years	old,	Male)	reckoned	how	the	tangible	
symbols	are	effectively	working,	mainly	for	visually	impaired	people	but	he	
explained	how	messages	require	a	clarification	in	order	to	stand	out,	maybe	
with	colours,	and	have	their	meaning	clarified.		
Colour	Changing	Materials	where	easily	understood	by	Over-60	years	old	
participants	with	an	higher	percentage	of	matches	recorded	compared	to	
the	under-60	years	old	participants	(68%).	Nevertheless,	participants	
appeared	concerned	about	the	effectiveness	of	the	application	of	colours,	
given	that	ageing	processes	affect	the	perception	of	colour	coding	and	
contrasts	(Elizabeth,	76	years	old,	Female).	Brightness	of	colours	adopted	as	
a	way	to	convey	different	status	of	the	user	was	appreciated	by	Ivan	(67	
years	old,	Male):	he	suggested	clarifying	the	colour	coding	by	displaying	the	
spectrum	on	different	bars	and	play	with	the	intensity.	In	order	to	have	a	
clear	understanding	of	the	message,	he	thought	each	colours	should	have	a	
dedicated	bar	that	gradually	change	to	communicate	the	desired	
information.	
Discussions	
Data	collected	show	a	promising	application	of	embodying	SMs	into	
novel	technological	products.	The	high	correspondence	between	the	
answers	collected	and	the	‘Designer	Model	of	the	Function	Representation’	
provide	further	research	opportunities	in	consideration	of	the	role	of	
embodied	metaphorical	messages	to	maximize	the	way	people	get	
acquaintance	of	external	stimuli,	in	reactivation	of	their	contingent	and	
intentional	agency.		
Although	little	differences	in	interpretation	were	observed	among	age	
brackets,	participants	gave	interesting	feedback	on	their	preferred	means.	
The	interpretation	of	metaphors	embedded	with	Light	Emitting	Materials	
show	a	surprising	high	peak	for	both	age	brackets.		Under-60	years	old	
participants	reported	how	was	easier	to	discern	the	extreme	messages	
among	the	four	proposed	compared	to	the	ones	in	the	middle;	a	recurrent	
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concern	is	observed:	the	changing	speed	and	intensity	of	light	can	convey	
general	status	of	activity	like	excitement,	stimulation	and	relaxation,	quiet	
status,	but	messages	are	not	always	clear.	What	the	under-60	years-old	
participants	reported	explains	the	confusion	also	perceived	by	over-60	
years-old	people	while	interpreting	these	signals:	they	often	missed	a	code	
of	interpretation,	such	as	high	frequency	meaning	high	activity,	to	interpret	
the	metaphorical	messages.		
The	interpretation	of	messages	with	Changing	Shape	Materials	has	a	
drastic	reduction	of	the	participants’	understanding	compared	to	the	Light	
Emitting	Materials,	in	both	age	brackets.	These	materials	are	perceived	as	
an	excellent	way	to	mimic	human	behaviour	and	therefore	depict	a	plethora	
of	human	status	but	the	changing	shapes	as	they	were	presented	for	the	
study	resulted	static	and	inexpressive;	therefore,	participants	encouraged	
the	adoption	of	‘time’	parameter	to	properly	discriminate	among	signals:	a	
continuous	changing	shape	with	different	speeds	of	movement	would	help	
building	strong	metaphors	recalling	anthropomorphic	behaviour.		
Rheological	Changing	Materials	appeared	an	effective	way	to	shape	
messages	in	a	tactile	way	but	the	unfamiliarity	with	look-alike	interfaces	
prevented	the	participants	to	find	a	proper	code	of	interpretation.	
Participants	found	intriguing	the	adoption	of	tactile	interfaces	and	therefore	
suggested	to	implement	the	efficacy	of	the	popping	up	symbols.	An	
interesting	way	to	enrich	the	adoption	of	the	Rheological	Changing	
Materials	is	in	the	addiction	of	the	rhythm	of	the	pulsing	symbols	and	the	
tangible	reproduction	of	sound	waves.		
Participants	suggested	the	addition	of	the	‘time’	parameter	to	shape	
powerful	metaphors	with	Changing	Colours	Materials	too.	The	way	the	
interface	was	made	dynamic	was	more	important	and	effective	than	the	
final	composition	itself.	The	colourful	patterns	were	not	fully	perceived	due	
to	the	static	nature	of	the	signal	designed.	Participants	understood	the	
power	of	this	means	but	they	suggested	enhancing	the	contrast	of	colours	
by	showing	them	in	different	time	segments	to	depict	a	specific	activity	of	
the	user.	The	over-60	years	old	participants	stressed	how	was	important	to	
compare	signals	before	attempting	a	proper	evaluation	and	they	suggested	
to	improve	the	application	of	the	changing	colours	by	working	with	the	
brightness	of	colours	rather	than	just	colour	coding.		
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Conclusions	
This	paper	investigates	the	role	of	Smart	Products	as	actuator	of	the	
human	agency	and	explores	the	role	of	SMs	and	metaphorical	languages	to	
shorten	the	gap	of	understandability	among	under-60	and	over-60	years-old	
people.	We	demonstrated	how	embodied	metaphorical	messages	can	
effectively	convey	information	in	a	more	intuitive	way,	by	providing	a	
maximized	set	of	stimuli.	We	observed	that	both	age	brackets	have	they	
preferred	means	of	interaction:	while	Light	Emitting	Materials	are	preferred	
among	under-60	years-old	participants,	Changing	Colours	Materials	have	a	
great	potential	within	the	over-60	years-old	people.	Nevertheless,	the	high	
correspondence	of	the	given	answers	with	the	‘Designer	Model	of	the	
Function	Representation’	provide	an	optimistic	way	to	design	inclusive	
Smart	Products	that	mitigate	differences	in	ages	and	make	technologies	
more	familiar	even	when	prior	exposure	is	limited.		Feedback	from	
participants	reveal	how	important	was	the	implementation	of	the	signals	
based	on	the	‘tempo’	parameter,	making	the	case	for	further	investigations	
where	embodied	metaphors	are	structured	to	express	their	narrative	
abilities.		
This	study	does	not	attempt	to	determine	a	one-to-one	correlation	
between	a	certain	material	property	and	a	specific	user	response	but	rather	
it	moves	towards	the	conceptualisation	of	an	alternative	and	efficient	way	
to	elaborate	information	and	to	actualize	the	volitional	abilities	of	the	
human	agent.		Interestingly,	the	study	reveals	how	the	combination	SMs	
and	metaphors	has	benefits	in	the	way	people	show	a	common	pattern	in	
the	acquisition	of	new	knowledge,	effects	of	lack	of	prior	exposure	to	
technologies	could	be	minimized	and	the	gap	in	perception	among	ages	
could	be	effectively	bridged.	Opportunities	are	observed	in	the	design	of	
smart	artefacts	endowed	with	agency;	the	interaction	with	the	Smart	Radio	
has	been	proved	to	lead	toward	a	simplification	of	the	relationship	
human/environment	and	a	common	interpretation	of	the	changeable	
actions	and	situations	emerging	from	the	environment.	The	influence	that	
the	renewed	causality	agency	of	the	smart	artefacts	has	on	the	human	agent	
has	been	proved	to	effectively	reactivate	the	ability	of	older	adults	to	
choose	between	options	and	attribute	a	meaning	to	their	preferences;	in	
other	words,	smart	artefacts	do	have	agency	but	their	agency	get	value	in	
correlation	with	the	human	agent	and	the	re-establishment	of	his	ability	to	
act,	decide	and	understand.	
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